Performances on tasks of phonemic manipulation, working memory, rapid naming, multisyllable word naming, receptive vocabulary and nonverbal intelligence were compared with decoding and spelling scores for 75 beginning readers. Multiple regression analysis revealed that phonemic manipulation accounted for the greatest amount of variance for both decoding and spelling. Working memory and receptive vocabulary added additional unique variance for decoding. Multisyllable word naming and rapid naming contributed significantly to spelling. The major implication of the results is that phonemic manipulation should be included in an assessment battery for beginning readers.
Introduction
Literacy is a well-documented educational issue of international concern (UNESCO, retrieved 2003) . In addition, the social consequences of literacy failure, the downward spiral that Stanovich (1986) called the 'Matthew effects', are also acutely known. Those who learn to read with relative ease read and practise more and gain more information; however, those who fail to learn to read efficiently, read less, enjoy reading less, and ultimately, reading becomes a self-defeating task. It is imperative to determine, as early as possible, which children will continue to have difficulty learning to read and spell so that early intervention interrupts or at least diminishes the Matthew effects. Professionals must be guided by scientifically based research to identify and provide efficient and effective instruction for learners along the road to literacy.
There is a sizeable body of scientific research that has provided information about the underlying variables for reading success. Results from three decades of research clearly indicate that problems lie in language coding and processing of phonological information (see Mody, 2003 , for review). Although considerable progress has been achieved toward understanding phonological processing, many children are not identified for intervention until they are already failing. What then are the critical linguistic and cognitive skills necessary for successful development of reading and spelling?
Results of previous studies have identified specific phonological processing abilities contributing to reading success, such as phonological awareness, verbal or working memory, and rapid naming Kamhi et al., 1988; Muter et al., 1997; Wagner et al., 1994) . Spelling has only recently been examined as a viable constituent of early literacy (Kamhi and Hinton, 2000) . Even fewer studies have focused on both (Muter, 1994; Scarborough, 1998) . It is hypothesized that reading and spelling rely on the same cognitive and linguistic underpinnings. Few investigators have studied these together. Read (1971) called spelling a window to the knowledge children possess about phonology. In contrast to the transitory nature of reading, spelling offers a visible representation of phonological and orthographic understanding. Examining both spelling and reading with the same tasks allows a clearer view of the requisite skills needed for both. There were two objectives for the present study. The first was to investigate relationships among phonological processing variables that have been linked in the literature to decoding and/or spelling, specifically phonemic awareness, working memory, rapid automatized naming (RAN), and production of multisyllable words. The second was to determine which of those variables contributed significantly to the variance of decoding and of spelling independently.
Participants in the present study were in 2nd grade. Ages ranged from 7;2 to 9;2 (years:months). School division levels (e.g., grades) and age of entry generally vary from country to country. In the USA, children typically enter school for formal instruction at 5 years of age (kindergarten) . Reading and spelling instruction may begin in kindergarten in some schools; formal instruction, however, begins the following year in 1st grade. In the United Kingdom the 1st year ofjunior or middle school would likely be the equivalent to 2nd grade in the USA. The 2nd grade is a pivotal time for learning to decode and spell because children have had a solid year of academic instruction in 1st grade (although increasingly more time is being spent on literacy in kindergarten, depending on the school). By 3rd grade, children need to be able to read in order to learn (Chall, 1983) because comprehension then becomes the major focus of reading. Most second graders are still struggling to read novel words (Berninger et al., 2002) . Children who have difficulty decoding real and pseudowords in 2nd grade are considered at risk; however, Variables influencing decoding and spelling 167 with appropriate intervention severe reading problems can be prevented (Berninger et al., 2003) .
Phonological awareness
We know now that phonological awareness is an overarching ability that stretches from a preschooler's tacit sensitivity to word structure outside word meaning (i.e., word play) to the explicit ability to manipulate individual phoneme units in the speech stream (Ball, 1993; Bryant et al., 1990; Chaney, 1998) . Numerous correlational and predictive studies have successfully linked phonological awareness to later literacy (see Adams, 1990; Anthony and Lonigan, 2004; Catts and Kamhi, 1999; Ehri, 2000; Mody, 2003; Stanovich, 2000 , for reviews). 'Over the last 25 years no variable has proven to be as consistently related to reading (at least word recognition) as phonological awareness ... explicit awareness of or sensitivity to, the sound structure of speech' (Catts and Kamhi, 1999 : 11 1).
Bryant et al. separated phonological awareness into simpler phonological skills measured by syllabic tasks (rhyme and alliteration) and complex phonological skills measured by sub-syllabic tasks (phonemic segmentation and manipulation). The simpler phonological skills typically develop during preschool years prior to formal reading instruction (Goswami and Bryant, 1990) , but the sub-syllabic skills develop reciprocally and for the most part are dependent on explicit instruction (Liberman et aL, 1974; Perfetti et al., 1987) . Chaney proposed the following sequence of phonological tasks but described them as developmental stages, rather than prerequisite steps for mastery: a) tacit monitoring for correction of speech errors during speaking; b) participation in nursery rhymes and sound play; c) comparing the sounds of words for rhyme and alliteration; d) sound blending/syllable splitting (e.g., recognition of initial sounds); e) phoneme segmentation; and f) phoneme manipulation (adding, deleting, or moving phonemes).
Tasks requiring elision or deletion of phonemes have been strong predictors of later literacy success (Catts et al., 2001; Rosner and Simon, 1971) . Phoneme transpositions and manipulations represent more complex phonemic understanding; however, to date there is little information available to demonstrate if these phonemic manipulation skills represent an extension of phonological awareness skills as children progress in school. Lundberg, Olofsson and Wall (1980) found that Swedish kindergartners' abilities to reverse or transpose phonemes in words was the strongest predictor of reading a year later. Examples of transpositions include moving the beginning phoneme to the end of the word (e.g., tea becomes eat), moving the ending phoneme to the beginning (e.g., eat becomes tea), and reversing the beginning and ending phonemes (e.g., toush becomes shout).
Explicit phonemic awareness required for fluent decoding necessary for comprehension should be assessed through more complex phonological segmentation and manipulation skills (Stackhouse, 1997) . Complex skills are required for pig Latin and spoonerisms (Dodd et al., 1996; Perin, 1983; Stackhouse and Wells, 1997) . Pig Latin seems to be a slightly more complex task than spoonerisms, requiring not only the ability to segment a word onset and move it to the end ofa word but also requiring the addition ofthe suffix 'ay'. Pig Latin has been used in a few studies for analysing phonological processing with adults (Pennington et al., 1990 ) and children (Cowan, 1998; Hester and Hodson, 2004) . In a study involving sixty-five 3rd graders, Hester and Hodson found that this complex phonological manipulation task was the best predictor of decoding scores, above a working memory task that required concurrent processing, nonverbal intelligence, and receptive vocabulary.
Spoonerisms are naturally occurring, inadvertent exchanges of the initial phonemes or clusters of two words (e.g., tooth fairy becomes footh tairy) (Fromkin, 1980; van den Broeke and Goldstein, 1980) . Stackhouse and Wells (1997) reported use of spoonerisms in treatment with an adolescent boy as a higher level or more complex phonemic awareness task. In a pilot study preceding the current investigation, 2nd graders were not able to learn pig Latin; however, most could produce some spoonerisms and they seemed to enjoy the task.
Simple phonological awareness tasks may have less predictive power as children age, whereas more complex tasks may represent increasingly sophisticated abilities. Some investigators have questioned whether complex tasks of phonological awareness evaluate phonological awareness or working memory (Oakhill and Kyle, 2000; Torgesen et al., 1997) .
Working memory
Depending on the memory load required by the phonological awareness task, it may be difficult to separate contributions of phonological awareness from working memory (Oakhill and Kyle, 2000; Scarborough, 1998) . Working memory required for oddity tasks, in particular, has been studied; however, deletion and manipulation tasks seem to rely on working memory as well. This has not been reported in the literature to date (to the knowledge of the authors).
Variables influencing decoding and spelling 169 Working memory has been studied in relation to a variety of language skills, including reading and spelling (Adams and Gathercole, 2000; Baddeley, 1986; Montgomery, 2000) . Although working memory is often used as a synonym for short-term memory, others contend that working memory is more complex (Daneman and Carpenter, 1983; Gaulin and Campbell, 1994; Turner and Engel, 1989) . Measurement of working memory is confusing, especially when the complexity of tasks is different but reported similarly with respect to reading and spelling skills. One of the sources of confusion is that tasks vary from simple digit span tasks to complex concurrent processing tasks that require temporary storage of a word, while processing some other information (e.g., a cloze task plus word recall) (Leather and Henry, 1994) . Historically, in studies of reading, verbal or working memory was measured by memory span of words, nonwords or digits (Gathercole and Baddeley, 1989; Hansen and Bowey, 1994; Mann et al., 1980) . A few investigators have explored the contribution of working memory and complex phonological tasks as these relate to decoding, but they typically did not include spelling.
Siegel and Ryan (1989) differentiated between short-term memory and working memory. Although short-term memory tasks require temporary storage and retrieval, working memory tasks require temporary, on-line storage of information, retrieval of information from long-term storage, and the processing of that information together. Leather and Henry (1994) tested seventy-one 2nd graders using phonological awareness tasks, simple word span tasks and complex working memory tasks. Their results indicated that complex, rather than simple, memory span tasks measure both the storage and the processing capacity of working memory, supporting the earlier findings of Daneman and Carpenter (1983) . Most typically, these concurrent processing tasks have been used with comprehension tasks (Daneman and Carpenter, 1983) . As children are consciously recoding (sounding out a novel word), they are temporarily storing the sounds for graphemes already decoded, while continuing to process (segmenting and blending) the additional graphemes of the novel word and retrieving phonological information from long-term memory.
Rapid naming
In addition to phonological awareness and working memory, the relationship of rapid naming ability and literacy has been investigated. Fluent, efficient reading and spelling require automatized subskills (Fletcher et al., 1997; al., 1 998b). There has been a recent renewed interest in rapid naming as a measure of automaticity and, therefore, a predictor of reading success (Denckla and Cutting, 1999; Meyer et al., 1998a; Scarborough, 1998; Wolf and Bowers, 2000) . Automaticity, which is the 'fast, accurate, and effortless word identification at the single word level' (Hook and Jones, 2002: 9) , is measured by both speed and accuracy.
Rapid automatized naming (RAN) has been assessed by a variety of stimuli. Denckla and Cutting (1999) suggested that a continuous format might require more executive functioning, which explains why the continuous formats are better predictors of reading success than discrete trial formats. Meyer et al. (1998b) found that RAN tasks involving colours and objects were better predictors than performance using numbers and letters across all readers in relationship to reading level and vocabulary. These stimuli thus represented a stable factor (i.e., naming speed) not attributable to experience with symbols, as in reading itself.
According to Whitehurst (2001) , reading achievement of 1st and 2nd graders is influenced most strongly by letter knowledge and phonological sensitivity. In later elementary grades, once they have cracked the alphabetic code, conceptual and vocabulary skills become more important. In Chall's stage theory of reading (1983), fluency is developing during Stage 2, the period from 2nd to 3rd grade. That fluency includes automatic identification and matching of words and word chunks, as well as rapid graphophonemic correspondence for decoding novel words. Scarborough (1998) followed 88 children from the end of 2nd grade through 8th grade (68 children). She compared scores of phonological awareness (deletion task), verbal working memory (single process), RAN (object naming), and IQ with reading and spelling scores. The strongest predictors of later literacy were their literacy scores at the end of 2nd grade. Scarborough concluded that the cognitive and linguistic tasks 'had already made their contributions to determining individual differences in reading skill' for typical 2nd graders (Scarborough, 1998:130) . Second grade appears to be a critical school year. The present study was designed to examine similar variables in the first semestre of 2nd grade. Children who have failed to learn to decode, critical for the next step in literacy development, and/or spell by the end of the first formal year of instruction could potentially improve with explicit, systematic direct instruction during 2nd grade.
Expressive phonological productions
Typical 2nd graders have very few, if any, speech sound errors on an articulation test. Stackhouse and Wells (1997) suggested that fuzzy phonological representation might manifest in multisyllable words. Hester and Hodson (2004) investigated multisyllable word naming in relation to decoding. They found a significant relationship, which was subsumed by the variance of the complex phonemic manipulation Pig Latin tasks.
To date only a few investigators have studied relationships of phonological productions of complex speech sound sequences and reading (Kamhi et al., 1988; Larrivee and Catts, 1999; Stackhouse and Wells, 1997) or spelling (Clarke-Klein and Hodson, 1995) . Larrivee and Catts determined that the production of complex multisyllable words by kindergarten children, in contrast to one or two syllable words measured by a standard articulation test, were related to reading achievement in 1st and 2nd graders. Assessment of sound productions using multisyllable word productions may be more sensitive for school-age children.
In summary, literacy success has been linked in the literature with phonological processing abilities. Data regarding the relationship among these phonological processes and beginning decoding and spelling are needed. Phonological awareness, particularly phonemic awareness tasks requiring deletion, has been strongly related to early decoding. Less is known about the predictive power of phonemic manipulations after the first year or two of reading and spelling instruction. Information is also needed regarding the relationships among other phonological processing abilities (i.e., working memory, rapid naming, multisyllable word naming) and both decoding and spelling.
Purpose
The purpose for the present study was to examine the relationships of cognitive and linguistic variables with decoding and spelling performances of children early in 2nd grade. The variables investigated include: a) phonemic manipulation tasks; b) concurrent working memory; c) multisyllable word production; d) RAN; e) nonverbal intelligence; and f) receptive vocabulary.
Method
Participants Seventy-five 2nd graders (45 females and 30 males) from four regular education classrooms in a midwestern metropolitan public school volunteered (with parents' written consent) for this study. Ages ranged from 86 to 110 months (7;2 to 9;2; M= 7;10). They represented a range of ethnic and socioeconomic backgrounds (63% Caucasian, 28% African American and 9% Asian American). Twenty-two per cent ofthe students in this school qualified for the 'free or reduced lunch' programme, indicating lower socioeconomic status. Participants had passed school-administered hearing and vision screenings during the last academic year or were wearing corrective lenses. None of these participants was receiving speech-language services at the time of this investigation.
Measures
Reading decoding. Decoding was assessed using the 30-nonword battery of the Word Attack subtest of the Woodcock-Johnson Revised Test of Achievement (WJ-R) (Woodcock and Johnson, 1989) . Decoding nonwords requires understanding of grapheme-phoneme correspondence and phonotactic rules. Using nonwords rather than real words to assess decoding reduces the effect of prior sight word knowledge. Presentation of stimuli progressed from easiest to most difficult.
Spelling. Twenty words were selected from the spelling subtest ofthe Wide Range Achievement Test -3 (Jastak and Jastak, 1993) . The words, which become progressively more complex to spell, require knowledge of specific orthographic and phonotactic rules. Spelling strategies may be revealed when spelling longer, more challenging words (Stackhouse, 1996) . A female speaker of Standard American English, using a JVC TDR 462 audiocassette recorder, recorded these words in an IAC booth. During testing, the audiotape was presented free field on a Califone 5230 AV cassette recorder to ensure the same word pronunciations for each group. Small groups of three or four listened to the audio recording ofa word, the word in a sentence and the word repeated. The tape was stopped while the participants wrote the word. Spelling performance was scored using the Developmental Scoring for Invented Spellings (Bailet, 1991) , a five-point scale ranging from preliterate random strings of letters (0) to some use of spelling strategies to conventional spellings (5).
Phonemic awareness. Complex phonemic awareness was measured using 10 elision task items and 20 manipulation task items designed by the first author. The elision task included two items requiring syllable deletion (e.g., Say birthday. Now say it without day) and eight items requiring deletion of an initial or final phoneme (e.g., Say time. Now say it without/m/) or a phoneme in a cluster (e.g., Say desk. Now say it without/s/). The stimulus words and the answer words were all real words for the elision task.
The four manipulation tasks of five items each required phonemic transpositions of nonwords to real words. Tasks included transpositions of the initial phoneme in CV (e.g.,/ko/to oak), the final phoneme in VC (e.g.,/os/to so), Variables influencing decoding and spelling 173 and the exchange of initial and final phonemes in CVC (e.g.,/saum/to mouse). In addition, there were five spoonerism tasks, requiring the exchange of the onset phonemes of two nonwords to create two real words (e.g., gall bame to ball game).
Three practice items were provided with corrective feedback prior to each task. Coloured blocks, which were used to demonstrate deletion and transposition visually during the practice items, were available during the assessment. Responses were audio recorded and later scored as correct (1 point) or incorrect (0). A phoneme manipulation composite score was used for statistical analysis.
Working memory. A concurrent process working memory task, adapted for children by Leather and Henry (1994) , was modified for American children. Participants supplied the predictable ending word to complete a sentence read by the investigator (e.g., Ican see with my eyes). The children were to remember in order the words they had supplied and then were to repeat those words in order at the end of the set of sentences. Two practice sets were provided with corrective feedback. Reponses for the three sets of 2, 3 and 4 sentences each were scored. Statistical analysis was based on a-possible 54-point working memory composite score of recall accuracy (27) and correct order (27).
Rapid naming. The ability to name items rapidly was assessed using an array of 30 pictures of four different common objects (hat, ball, key and car) that were randomly coloured (red, blue, green and yellow). Continuous naming tasks that require shifting between different semantic fields have been used to assess interference with the fluency or automaticity of language retrieval (Wiig et al., 2000) . In this nonalphanumeric, continuous naming task developed by the first author, participants were asked to name these coloured pictures 'as fast as you can' (e.g., red car, blue hat). A stopwatch was used during testing to encourage rapid naming. The timing scores were actually determined from the audiotape recording of each child's response.
Multisyllable word naming. Expressive phonological abilities were assessed using an adapted version of the Multisyllable subtest of the 4ssess-ment ofPhonological Processes-Revised (Hodson, 1986) . The 12 words were three to five syllables in length and contained complex phonological sequences (e.g., stethoscope). Results of several previous studies have shown that some school-age children made errors on tests of multisyllable words but not on monosyllabic words (Larrivee and Catts, 1999; Lewis and Freebaim, 1992) . After the investigator named all 12 pictures randomly and had each child point to the matching pictures, the children then named the pictures. Deviations that were common for the child's age or linguistic community (e.g., lisps, weak syllable deletion,/w/for/r/) received 1 point, whereas omissions, substitutions and phonological rule deviations (e.g., assimilations, metathesis) were assigned 2 points.
Receptive vocabulary. The Peabody Picture Vocabulary Test III (PPVT-III) (Dunn and Dunn, 1997) was administered to assess receptive semantic and morphosyntactic language abilities. Receptive vocabulary is considered a reliable indicator of a child's general language ability (Gardner, 1985) .
Nonverbal intelligence. The Test ofNonverbal Intelligence -3 (TONI-3) (Brown et al., 1997 ) was used to assess nonverbal problem solving. The TONI-3 is a nonverbal, language-free assessment of cognitive ability. Results have been found to correlate strongly with other tests of intelligence (Atlas, 1999) .
Testing procedures All children were tested during two 30-minute sessions in the fourth month of their 2nd grade. Written instructions were read to ensure that each participant received the same directions for a task. In the first session, spelling was assessed in a small group followed by individual administration of the PPVT-III and the TONI-3. During the second session, the Word Attack subtest of the WJ-R was followed by tasks assessing: a) phonological awareness; b) working memory; c) rapid naming; and d) multisyllable word naming. A Pearson correlations were computed for criterion and predictor variables. (Table 2 ). Correlation coefficients indicated that all tasks correlated significantly, with the exception of nonverbal intelligence, which did not correlate with phonological awareness and RAN. Correlational analysis indicated strongest correlations between decoding and spelling (r =0.77), and also phonological manipulations and both decoding (r = 0.79) and spelling (r= 0.71).
Stepwise multiple regression was conducted using SPSS 10.0 (SPSS, 1999). In stepwise regression, complex intercorrelations allow predictor variables that contribute only weakly to the criterion variable to be removed as stronger variables are entered. Criteria for variable entry and removal were as follows: probability of F to enter < 0.05 and probability of F to remove ) 0.10 (George and Mallory, 1999). The composite scores of phonological manipulation tasks entered first for both decoding (R2 = 0.624, adjusted R2 0.619) and spelling (R2 =0.504, adjusted R2 = 0.497), accounting for the greatest amount of variance in both decoding and spelling. (Table 3 ). In multiple regression analysis, R2 indicates the proportion of variance and serves as a natural measure of effect size (Cohen and Cohen, 1975) . Adjusted R2 accounts for the number of variables and sample size. Regression analysis yielded significant independent variance for two additional variables for decoding and two different variables for spelling. No variables other than phonemic manipulation accounted for significant variance in both performances. Decoding tasks were scored correct/incorrect. Scores ranged from 1 to 27 (M = 12.75, SD = 6.9). The total prediction measures accounted for 68% of the variance for decoding. Phonemic awareness accounted for 62% (F= 118.02, p < 0.000), working memory accounted for an additional 4% (F = 68.51, p = 0.007), and receptive vocabulary accounted for an additional 2% (F=49.79,p=0.031). Complex phonemic awareness scores, a composite score of combined elision and transposition tasks, ranged from 4 to 28 (M = 15.68, SD = 6.77). Regression analysis of performance on the working memory task indicated small but significant independent variance outside of phonemic manipulation for decoding, but not for spelling, although working memory was correlated significantly with both decoding (r = 0.51) and spelling (r = 0.50).
Spelling performance was scored using a point system for spelling inventions, with higher scores for closer matches to conventional orthography. Scores ranged from 36 to 89 (M =69.11, SD = 12.26). Three prediction measures accounted for 58% of the variance in spelling. The composite phonemic manipulation score accounted for 50% (F= 72.15, p <0.000) . Production of multisyllable real words accounted for an additional 5% (F = 44.04, p 0.005). Rapid automatized naming (RAN) accounted for an additional 3% (F= 32.22, p = 0.041). Multisyllable word naming error scores ranged from 0 to 45 (M = 10.17, SD = 8.57). Higher numbers indicated more severe deviations in production, whereas, those with only sound differences typical for their age had lower scores. Only six participants produced all words without any deviations. Multisyllable word naming contributed additional variance outside of phonemic awareness to spelling. The length of time for RAN ranged from 41 to 98 seconds (M= 63.99, SD= 11.83). A higher score indicated a longer time was required for naming. The RAN scores accounted for significant unique variance, after phonemic awareness and multisyllable word naming, for spelling.
Discussion
The first objective was to investigate the relationships among phonological processing variables that have been linked in the literature with decoding and spelling. Results of correlational analyses indicated that in addition to a strong correlation between decoding and spelling, there were significant relationships among all cognitive and linguistic variables, with the exception of nonverbal intelligence and both phonological awareness and RAN.
Decoding and spelling In the past, schools have viewed reading and spelling as separate skills; even though both rely on language coding and require processing of phonological information. Ehri (2000) referred to reading and spelling as 'two sides of a coin'. Examining both decoding and spelling within the same study allows a comparison of both 'sides'. Ehri summarized the consistent and significant relationships between reading and spelling (r = 0.68 to 0.86) from six previous studies. This same high correlation was found across ages from studies of 1st graders (Griffith, 1991; Juel et aL, 1986) and also college students (Greenberg et al., 1997) . Results of correlation analyses in the present study support these previous findings (Ehri, 2000; Greenberg et al., 1997; Griffith, 1991) . The strength and consistency of correlational analyses support the premise that similar processes are needed for acquisition ofboth skills. Reading and spelling follow similar development and rely on knowledge of the alphabetic code, graphophonemic correspondence and English phonotactics.
The second objective was to identify which variables contributed uniquely to the variance for decoding and spelling. Although complex phoneme manipulations contributed the greatest amount of variance for both decoding and spelling, different variables added small, but significant variance for each.
Working memory and receptive vocabulary added significantly to decoding. Multisyllable word naming and RAN contributed to spelling. Results of the tasks assessed in this study indicate that there are similarities, but there are also differences in variables that contribute to the successful performance for each.
Phonological awareness
Results of the current investigation support the findings of numerous studies for decoding and add to knowledge needed relative to spelling. For the participants in this study, tasks of elision and manipulation accounted for the greatest amount of variance in their word attack scores and spelling scores.
Scores on the 10-item elision task ranged from 3 correct to 10 correct; scores on the transposition tasks ranged from 0 to 19. All participants were able to perform the deletion of the second syllable of a compound word; however, nine (12%) could not delete the first syllable of a compound word. Six of those nine scored in the lowest quartile for decoding, spelling and phoneme manipulation. Although 2nd graders had more difficulty with manipulation tasks, strategies were not readily apparent. Some used words that rhymed with the stimulus word rather than a transposition (e.g., oon should transpose to new but responses were moon or noon). Some used word or sound associations (e.g., instead of the spoonerism of one penny forpun wenny, some said Winnie the Pooh). Those with higher decoding scores were more successful with these tasks, whereas the poorest readers did not seem to have any understanding, guessed randomly, or reported that the task was 'too hard'. These data demonstrate that phonemic manipulation skills represent an extension of phonological awareness skills as children progress in school.
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The ability to manipulate phonemes was the strongest predictor for decoding and spelling. Phonological awareness has been viewed as reciprocal for decoding and for spelling (Masterson and Apel, 2000; Perfetti et al., 1987) . Developing skill in one appears to facilitate skill development in the other (Masterson and Apel, 2000) . In a six-step developmental model, Frith (1985) proposed an explanation of this reciprocal, facilitative effect. In the logographic stage, reading is an antecedent for spelling; however, spelling as an antecedent for reading is the first step of the alphabetic stage. 'The alphabet is tailor made for writing' (Frith, 1988:311) . At the orthographic stage, reading is again proposed as the antecedent. Because spelling also requires knowledge of English phonotactic rules, participants in the current study demonstrated varying strategies. The spelling by some participants more closely resembled conventional orthography because they applied knowledge of morphology, using prefixes or suffixes (e.g., decision) to spell unknown words (Apel et al., 2004) . Participants demonstrated a variety of developmental spelling inventions. Only three children used random strings of unrelated graphemes for the longer, more complex words.
Working memory
As children are learning to read, temporary storage capacity is needed for the on-line phonemic segmentation and blending necessary for conscious decoding. In the current study, working memory was moderately correlated with decoding, spelling and phonemic manipulation scores. After phonological manipulation was partialed out, working memory contributed additional, unique variance for decoding but not for spelling. These results support previous work by Gathercole and Baddeley (1993) , who found that working memory, assessed by a simple span task, affected decoding novel words but not sight word reading. Conversely, Gottardo et al. (1996) used a concurrent processing working memory task and found that working memory did not account for significant variance in decoding, but did for word identification (4.5%) and for reading comprehension (12.5%) for students finishing 3rd grade. Perhaps 2nd graders require more working memory capacity for decoding than 3rd graders, who would be expected to be more fluent decoders. Second graders were still using considerable conscious effort to sound out words, supporting the findings of Berninger et aL (2002) .
The relationship between decoding and working memory was expected, based on previous studies; however, the results for spelling are somewhat puzzling. During the act of spelling, the letters children -write may actually support working memory. When some students wrote these spelling words, they decoded subvocally and erased. Presumably their decoding did not match the word stored in long-term memory. Storage of an entire word may account for less working memory capacity than separate phonemes.
It also was expected that working memory ability would be related to phonological awareness. The effect of memory load in phonological awareness tasks has been questioned (Oakhill and Kyle, 2000; Wagner et al., 1994) , suggesting that working memory performance either compromises or strengthens phonological awareness scores, particularly for oddity tasks. The current findings suggest a similar relationship for deletion or transposition tasks. Brady (1991) proposed that working memory and phonological awareness skills represent the same component of phonological ability because they both rely on the phonological component of language.
Conversely, Hansen and Bowey (1994) suggested that working memory might tap separate processing ability, outside of phonemic manipulations. In a study of sixty-eight 2nd graders, they used an oddity task for assessing phonological awareness and a nonword repetition task for working memory. In the present study, the small, unique contribution of working memory to decoding variance supports Hansen and Bowey's hypothesis.
Phoneme manipulations in this study were demonstrated during practice tasks using coloured blocks to demonstrate the deletion or transposition of phonemes. Participants were each given the opportunity to use blocks as demonstrated by the investigator. This visual representation may have aided working memory and enabled some to be more successful with these tasks, thereby reducing the variance accounted for by working memory. Typically, the children who used the blocks understood the concept of phoneme manipulation and were able to perform the task, but children who did not have this understanding rarely used the blocks.
Receptive vocabulary In addition to phoneme manipulation and working memory, receptive vocabulary also contributed small, additional variance for decoding but not for spelling. Correlations for decoding and spelling scores with vocabulary were small, but significant. Stanovich (2000) suggested that vocabulary and reading are reciprocal. Paul (2001) suggested that lower vocabulary may be the result rather than the cause of reading differences. (Fowler, 1991; Stackhouse and Wells, 1997) . None of the participants were receiving speech-language services for expressive phonological deviations; yet there were sound production deviations in the multisyllable naming task. Phonological representations for children within this age range may not be firmly developed as they continue to gain experience with words that have multiple syllables. Thirteen of the 20 stimulus spelling words contained multiple syllables ranging from two to five syllables.
Results of a few studies have indicated that children with a history of severe expressive phonological impairment had more difficulties with later reading and spelling (Bird et al., 1995; Clarke-Klein and Hodson, 1995; Gillon, 2000) whereas others did not find a relationship (Bishop and Adams, 1990; Catts, 1993 Hodson, 1995; Lewis and Freebairn, 1995; Webster and Plante, 1992) .
Rapid naming
The RAN contributed small, significant variance for spelling but not decoding, although both correlated significantly with RAN. Scores for RAN were correlated significantly with all other variables, except nonverbal IQ. Some researchers include RAN in the category of phonological processing (Torgesen, 1999) , whereas others believe naming speed is a 'second core deficit in dyslexia and largely independent of phonology' (Wolf and Bowers, 2000: 322) . Wolf and Obregon (1992) found that naming speed was a predictor of reading achievement. Some children with slower naming speed were poorer readers but did not have deficits in phonological awareness tasks. Others had phonological awareness deficits and slow RAN. They termed this phenomenon 'a double deficit cautioned that the influence of RAN might have an age limit because results were nonsignificant in 4th and 5th grades. They suggested that RAN was sensitive in predicting 1st and 2nd grade orthographic skills. Meyer et al. (1998b) , who studied the growth curve of rapid naming in an eight-year longitudinal study, reported that the RAN growth curve for all students, regardless of reading skill, was greatest between 1st and 3rd grades. They concluded that RAN can be assessed quickly and those with slower speed may need to be given more intensive help at this stage in literacy development.
Longitudinal studies of 3rd to 8th graders who were poor readers indicated that RAN was predictive only for poor readers but not for average readers (Meyer et al., 1998a) . They hypothesized that 'automaticity of retrieval, not knowledge of names itself (as in confrontational naming tasks), gives the predictive power in rapid naming' (p. 106). This hypothesis supports findings of previous studies (Wolf and Bowers, 2000) suggesting RAN may be an independent predictor of literacy skills outside of phonological processing.
Implications
Children who are likely to experience difficulty learning to read and spell need to be identified as early as possible before they 'become discouraged and enter the cycle of failure' (ASHA, 2000: 360) . By 2nd grade, most students have been taught basic graphophonemic correspondences. Regardless of differences in their preschool and kindergarten learning experiences, 2nd graders in the USA have had at least a year to learn the elements for decoding and to develop strategies for spelling.
Results of this study support previous research emphasizing the importance of phonemic awareness for decoding and spelling. Complex phonemic manipulation skills contributed significantly to both. Reports of intervention studies have yielded positive results when phonemic awareness is taught (Ball and Blachman, 1991; Lundberg et al., 1980) . Those studies that included explicit grapheme-phoneme awareness tasks were linked most successfully with improving literacy skills (Blachman et al., 1994; Bradley and Bryant, 1983; Hatcher et al., 1994; Liberman et al. 1974) .
Reading has more frequently been the focus of intervention; however, spelling should be an equally important focus. A child's own spelling is useful for understanding possible language needs (e.g., phonological, morphological). In addition, naming words with multiple syllables was also significantly related to spelling. The integration of phonological rules for production of more complex words was identified by this task but may not be identified through traditional phoneme oriented tests. Higher level phonological processing skills are needed for spelling multisyllable words. Production of multisyllable words could also be part of a screening tool for rapid identification of 2nd graders who may be at risk.
Finally, results of this study suggest that RAN speed tapped underlying skill for spelling but not for decoding. Scarborough (1998) , in her longitudinal study, found that reading and spelling skills of children with reading disabilities were predicted by RAN speed measured in 2nd grade. Although no child in this study had been identified as reading disabled, some were less skilled readers, and reading levels were differentiated within the 2nd grade level. Indeed, RAN might be another expedient method for identifying those who might need additional support.
In the classroom, utilizing the reading curriculum for spelling and vocabulary enrichment takes advantage of the strong relationship between decoding and spelling identified in this study. In addition, both decoding and spelling could be facilitated through explicit, complex phonemic manipulation tasks. Phonemic manipulation activities, including spoonerisms, interwoven with literacy experiences increases the awareness of word structures in addition to word meanings.
Information gained from the results of this study could be used for faster identification of children during the 2nd year of formal reading and spelling instruction. The United Nations has declared 2003-2012 as the Literacy Decade (Matsuura, 2003) . A major concern of this endeavour by UNESCO is for those persons who lack opportunities to develop literacy. Perhaps this also will be the decade of success for children who have opportunities but who fail because they do not receive early identification and appropriate intervention.
